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(57) ABSTRACT

A method can include providing (302) at least one parameter
to control a therapy that is applied to at least one internal
anatomical structure of a patient. Electrical data can be
obtained from the patient (304), including electrical data
acquired via a plurality of sensors during each of a plurality of
iterations of the therapy. The electrical data can be analyzed
(306) for a respective value of the at least one parameter of the
therapy at each of the plurality of iterations of the applied
therapy to compute an indication of at least one function of
the at least one internal anatomical structure of the patient at
each respective iteration of the applied therapy. The com-
puted indication can be stored in memory (308). At least one
parameter of the therapy can be adjusted (310) for delivery in
a subsequent one of the plurality of iterations based on the
indication of the at least one function.
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1
SYSTEM AND METHODS TO FACILITATE
PROVIDING THERAPY TO A PATIENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage Application filed under
35U.8.C. §371 of PCT/US2012/045597, having a filing date
of Jul. 5, 2012, which claims the benefit of U.S. Provisional
Patent Application No. 61/504,536, filed Jul. 5, 2011, and
entitted METHODS AND DEVICES FOR MEASURING
AND OPTIMIZING VENTRICULAR SYNCHRONY IN
CRT, and U.S. provisional patent application no. 61/546,083
filed Oct. 12, 2011, and entitled METHOD AND SYSTEM
TO DETERMINE A SENSING ZONE TO FACILITATE
ELECTROCARDIOGRAPHIC MAPPING AND ELEC-
TRODE ARRANGEMENT FOR ECM. The entire contents
of each of the above-identified patent applications are incor-
porated herein by reference.

TECHNICAL FIELD

This disclosure relates to systems and methods for provid-
ing therapy to a patient.

BACKGROUND

A variety of therapies can be provided to patients to treat a
variety of medical conditions associated with internal ana-
tomical structures. Such therapies can include applying a
variety of external stimuli to the internal anatomical structure.
As one example, cardiac resynchronization therapy (CRT) is
a method of improving the mechanical function of the heart
using electrical therapy (e.g., pacing both the right and left
ventricles). Various techniques are utilized to determine a
pacing site as well as to determine pacing parameters. Current
mechanical and electrical measures tend to be qualitative and
are highly operator dependent due to the complex nature of
ventricular activation and the lack of quantitative compari-
sons between electrical activation and mechanical function.

SUMMARY

This disclosure relates to systems and methods to facilitate
providing therapy to a patient, such as based on sensed elec-
trical data.

As an example, a method can include providing at least one
parameter to control a therapy that is applied to at least one
internal anatomical structure of a patient. Electrical data can
be obtained from the patient, including electrical data
acquired via a plurality of sensors during each of a plurality of
iterations of the therapy. The electrical data can be analyzed
for a respective value of the at least one parameter of the
therapy at each of the plurality of iterations of the applied
therapy to compute an indication of at least one function of
the at least one internal anatomical structure of the patient at
each respective iteration of the applied therapy. The com-
puted indication can be stored in memory. Atleast one param-
eter ofthe therapy can be adjusted for delivery in a subsequent
one of the plurality of iterations based on the indication of the
at least one function.

As another example, a method can include obtaining elec-
trical data for a predetermined zone of a body surface of a
patient, the electrical data obtained for the predetermined
zone deterministically mapping to a predetermined region of
interest of an organ of the patient. The method can also
include analyzing the electrical data to compute an indication
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ofat least one function of the predetermined region of interest
of the organ of the patient. The indication of the at least one
function of the predetermined region of interest of organ of
the patient can be stored in memory and a corresponding
output can be generated.

As another example, a method can include obtaining image
data that includes at least one internal anatomical structure of
the patient. The method can also include calculating dimen-
sions associated with an organ of the patient based on the
image data. The method can also include modifying dimen-
sions of a generic model one of the organ to provide a modi-
fied model based on the calculated dimensions. The method
can also include delivering a therapy having at least one
parameter to treat the organ of the patient, the at least one
parameter being variable during each of a plurality of itera-
tions of the therapy. The method can also include obtaining
electrical data from the patient based on electrical activity
detected via a plurality of sensors, the electrical data includ-
ing electrical activity detected in response to the therapy
delivered at each of the plurality of iterations of the therapy.
The method can also include correlating the electrical data to
a corresponding region of interest of the modified model. The
method can also include analyzing the correlated electrical
data obtained for a respective value of the at least one param-
eter of the therapy at each of the plurality of iterations of the
therapy to compute an indication of at least one function of
the organ of the patient at each of the plurality of iterations of
the therapy. The method can also include storing the indica-
tion of the at least one function of the organ of the patient in
memory. The method can also include adjusting the at least
one parameter of the therapy being delivered to the patient for
a given one of the plurality of iterations in response to the
computed indication of at least one function from another one
of the plurality of iterations.

Each of such method, for example, can be implemented as
a computer-implemented method or it can be implemented as
instructions executable stored in a readable medium, such as
may be executed by a processor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an example of a system that can be imple-
mented to provide therapy for a patient.

FIG. 2 depicts an example of a system for generating
geometry data associated with at least one internal anatomical
structure of a patient.

FIG. 3 depicts an example diagram of an imaging tech-
nique to obtain dimensions of an organ.

FIG. 4 depicts another example diagram of an imaging
technique to obtain dimensions of an organ.

FIG. 5 depicts an example of an analysis system for pro-
viding therapy for a patient.

FIG. 6 depicts an example diagram of collecting electrical
data for providing therapy for a patient.

FIG. 7 depicts an example of a display that can be gener-
ated demonstrating an indication of heart function for a pre-
determined region of interest.

FIG. 8 depicts an example of another display that can be
generated demonstrating an indication of heart function for a
patient’s heart.

FIG. 9 depicts an example of a flow diagram illustrating an
example of a method for providing therapy for a patient.

FIG. 10 depicts another example of a flow diagram illus-
trating an example of a method for providing therapy for a
patient.
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FIG. 11 depicts yet an example of a flow diagram illustrat-
ing an example of a method for providing therapy for a
patient.

FIG. 12 depicts an example computer system that can be
used to perform methods according to an embodiment of the
invention.

DETAILED DESCRIPTION

This disclosure relates to systems and methods that can be
utilized to facilitate providing therapy to a patient. As an
example, the systems and methods can be employed to pro-
vide a quantitative assessment of heart function (e.g., syn-
chrony) that is computed based on electrical information for
one or more regions of the heart.

As another example, the systems and methods can be uti-
lized to evaluate a function of an organ based on electrical
activity distributed across one or more spatial regions of the
organ. In the example, where the organ is the heart, the
regions can include segmented regions (also referred to
herein as segments) within one or more chambers ofthe heart.
The evaluation further can include comparative or correlative
statistics for the electrical activity among multiple heart
chambers, such as may include the left and right chambers
(e.g., ventricles) of the heart.

A therapy can be applied to a patient, such as cardiac
resynchronization therapy (CRT), in which electrical stimu-
lation can be applied to specific regions of the heart. Electrical
data can be obtained in response to the application of the
therapy, such as based on a plurality of electrodes. For
example, the plurality of electrodes can be placed on a body
surface of the patient. The electrodes can correspond to a
predetermined zone of the body surface, which zone has been
determined to map deterministically to a specific region of
interest of the heart or other organ. The electrical data can be
obtained at each of a plurality of iterations of an applied
therapy. At each iteration, different therapy parameters can be
used and the electrical data can be analyzed, such as based on
a computational analysis. The analysis of the electrical data
can be based on an application of the electrical data to one or
more regions of the respective internal anatomical structure
(e.g., heart) of the patient. As disclosed herein, the analysis
and computations can be performed relative to generic
anatomy, based on one or more simple images to a generic
model as well as based on more sophisticated imaging
modalities. In some examples, simple image data for a given
patient can be utilized to adjust a generic model of'an organ to
accommodate some aspects of patient geometry (e.g., general
organ dimensions). This approach employing simplified
imaging can be contrasted with other mapping techniques
where electrical data is mapped to a patient’s own geometry
according to more sophisticated (and expensive) imaging
techniques, such as computed tomography or magnetic reso-
nance imaging.

As used herein, the terms “internal anatomical structure”
and “organ” are used interchangeably.

At least one value associated with the one or more param-
eters of the therapy can then be adjusted based on the ana-
lyzed electrical data at each iteration, such that the therapy
can be applied based on the adjusted value(s) of the one or
more parameters at a next iteration. Accordingly, the therapy,
such as CRT, can be applied to the patient in a feedback
manner.

As another example, the quantitative analysis can be com-
puted to output one or more indices that quantify activation
time heterogeneity and/or repolarization time heterogeneity.
For instance, one or more indices can be computed to include
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one or more of a Global Interventricular Synchrony (GIS)
Index, a Segmental Synchrony Index (SIS), an Intraventricu-
lar Conduction Index (ICI), or a late activation (LAI) index.
Each index can be calculated based solely on measured elec-
trical activity (e.g., without the need for mechanical data for
the heart). For instance, the electrical activity can be mea-
sured via non-invasive methods. Systems and methods can
generate graphical outputs based on these or other indications
of synchrony to facilitate the assessment of cardiac function.
As used herein, synchrony is intended to indicate a measure
of synchrony between regions of the heart, which may be
demonstrated in terms of synchrony and/or dyssynchrony.

In some examples, a quantitative assessment of synchrony
can also be utilized to facilitate delivery of a therapy. For
example, an indication of cardiac synchrony can be computed
intraoperatively and used to guide administration of therapy
to the patient (e.g., providing closed loop feedback during
delivery of therapy). The guidance can include spatial guid-
ance to locate one or more sites to which the therapy may be
applied. Additionally or alternatively, the guidance can pro-
vide information to set and/or provide automated control for
therapy parameters (e.g., a quantity and duration of a given
therapy as well as a delay time between delivery of consecu-
tive therapies). As used herein, the term “therapy parameters”
thus is intended to encompass both the spatial guidance and
control of electrical therapy parameters.

As a further example, the computed index can be computed
and used as closed loop control to guide CRT therapy, such as
taking into account both the delivery method (the accessible
locations where a pacing lead can be anchored) and providing
information about the health of the substrate. For determining
the treatment parameters (e.g., location as well as stimulation
parameters), each treatment parameter can be varied for a
given patient and the index computed for a plurality of dif-
ferent treatment parameters. This process can be repeated and
the results evaluated to ascertain treatment parameters to
achieve desired therapeutic effect.

FIG. 1 depicts an example of a system 10 for providing
therapy to a patient. The system 10 can be implemented in a
standalone computer, a workstation, an application specific
machine, or in a network environment in which one or more
of'the modules or data can reside locally or remotely relative
to where a user interacts with the system 10.

The system 10 includes a control system 12 for controlling
the application of the therapy in a closed-loop feedback man-
ner. The control system 12 can be configured to provide
control signals and/or control commands to a therapy system
14 that is coupled to one or more therapy delivery devices 16
that are coupled to a patient 18. As an example, the therapy
delivery device(s) 16 can be configured as including one or
more electrodes that can engage the internal anatomical struc-
ture of the patient 18. For instance, the therapy delivery
devices 16 can be implemented as a catheter or pacing leads.

In the example of FIG. 1, the control system 12 includes a
parameter controller 20 that is configured to set at least one
value of one or more parameters of the therapy system 14,
such as to control the signals and/or commands that are pro-
vided to the therapy delivery device(s) 16. As an example, the
therapy delivery device(s) 16 can each provide an electrical
stimulus to a selected portion of the anatomy of the patient 18
in an invasive or non-invasive manner based on the command
signals and/or commands. In some examples, the therapy
delivery device(s) 16 can be configured to provide electrical
signals to stimulate regions of the heart of the patient 18 for
cardiac resynchronization therapy (CRT), regions of the brain
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of'the patient 18 for deep brain stimulation (DBS) therapy, or
avariety of other regions of the patient for additional types of
therapy.

The control system 12 employs patient data for a patient
18, such as can be stored in an associated memory device 22
(e.g., locally or remotely). The patient data includes electrical
data 24 that represents electrical information for a plurality of
points, each of which is indexed or otherwise programmati-
cally associated with (e.g., linked to) an anatomical geometry
of'the patient 18. In the example of FIG. 1, the electrical data
24 is obtained via a sensor array 26, which can be disposed on
the body surface non-invasively or be invasively positioned
inside the patient 18. For example, the sensor array 26 can
correspond to a plurality of electrode sensors, such as a vest or
electrode carrying apparatus, that are placed on a body sur-
face of the patient 18 and which are configured to monitor
electrical activity of one or more organs of the patient 18, such
as the heart of the patient 18.

In some examples, the sensor array 26 can correspond to a
predetermined zone of the patient’s body surface that has
been determined to be a surrogate that maps deterministically
to one or more specific regions of interest of the organ of the
patient 18, as disclosed herein.

The patient electrical data 24 can be raw data, such as has
been collected from the sensor array 26 (e.g., an arrangement
of body surface electrodes, an electrophysiology mapping
catheter) or other means that can be utilized to acquire elec-
trophysiology data for a selected region of the patient 18 (e.g.,
a segment of an organ, such as the heart). Additionally or
alternatively, the electrical data 24 can correspond to pro-
cessed data, such as can be processed data, such as can be
sampled and filtered to provide electrophysiology informa-
tion for the selected region of the patient 18.

The patient data can also include geometry data 28, such as
can be embodied as a geometry model for a three-dimen-
sional region of anatomy of the patient 18. The model can
correspond to an image of the organ of the patient 18, such as
obtained via any of a variety of imaging methods. As another
example, the model can be a generic model, or can be a
modified version of a generic model that is adjusted for the
patient 18 based on dimensions determined for a patient’s
organ. For instance, a generic model can be modified based on
measurements and/or imaging data for the patient 18, such as
disclosed herein. The geometry data 28 can correspond to a
surface of model of an entire organ of the patient 18, such as
the heart, which can be graphically rendered in an output
display as a two- or three-dimensional representation.

In some examples, the therapy system 14 can be configured
to deliver CRT. By way of example, non-invasive electro-
physiological mapping (e.g., electrocardiographic (EC) map-
ping for the heart) can be performed on a body surface of the
patient 18 to generate the electrical data 24. This technique
can generate electrophysiological data by combining body
surface electrical measurements from the sensor array 16
with patient geometry information through an inverse method
programmed to reconstruct the electrical activity for a prede-
termined surface region of the heart of the patient 18. Thus,
the results of the inverse method can provide the correspond-
ing electrical data 24 that is registered with the patient’s own
geometry, such as can be represented in the geometry data 28.
Thus, the electrical data 24 can represent reconstructed elec-
trical signals (e.g., time-based electrical potentials) for each
of'the plurality of points on a cardiac envelope concurrently as
a function of time, such as an epicardial surface, endocardial
surface or other envelope.

In another example, the sensor array 26 can be imple-
mented as a contact or non-contact electrophysiology cath-
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eter can be placed in heart of the patient 18 and collect
electrophysiology data at a plurality of spatial locations over
time, such as during a number of one or more cardiac inter-
vals. Such data can be spatially and temporarily aggregated in
conjunction with image data for the heart of the patient 18 to
provide the electrical data 24 for corresponding regions of the
heart of the patient 18. Alternatively, the sensor array 26 can
be implemented as other devices (e.g., catheters or patches)
that can be placed on or near the heart of the patient 18,
endocardially and/or epicardially, such as during open chest
and minimally invasive procedures, to record electrical activ-
ity data, which can be mapped to a representation of the heart
of the patient 18 to provide similar corresponding electrical
data 24.

Those skilled in the art will understand and appreciate that
the system 10 is equally applicable to patient electrical data
24 that can be gathered and/or derived by any of these or other
approaches, which may be invasive or non-invasive. Addi-
tionally, it will be understood and appreciated that the elec-
trical data 24 can be provided in any form and converted into
an appropriate form for processing in the system 10.

As mentioned above, the system 10 also employs geometry
data 28, such as can represent a predetermined surface region
of'an anatomical structure, which can be a generic structure or
be specific for the patient 18. For example, the geometry data
28 can correspond to a patient-specific representation of a
surface of an organ or other structure to which patient elec-
troanatomical data has been registered. For instance, the
geometry data 28 may include a graphical representation of a
region of the organ of the patient 18, such as can be generated
by appropriate image processing of image data acquired for
the patient 18. Such image processing can include extraction
and segmentation of an organ from a digital image set. The
segmented image data thus can be converted into a two-
dimensional or three-dimensional graphical representation of
a surface region of the organ. Alternatively, the patient geom-
etry data 28 can correspond to a mathematical model, such as
can be constructed based on image data for the organ of the
patient 18. Appropriate anatomical or other fiducial land-
marks can be associated with the organ represented by the
anatomical data for the organ to facilitate subsequent process-
ing and visualization in the system 10.

As another example, the geometry data 28 can correspond
to or be associated with a generic model of the respective
organ. The generic model can correspond to a model that is
associated with general physical attributes of the patient 18,
such as height, weight, age, and/or other characteristics of the
patient 18. The control system 12 can thus map the electrical
data 24 to the generic model, such as disclosed herein. As
another example, simplified image data can be obtained for
the organ of the patient 18, such as can be implemented to
modify the generic model to better represent the actual organ
of the patient 18. Thus, the control system 12 can map the
electrical data 24 onto the adjusted generic model corre-
sponding to the organ of the patient 18, such as disclosed
herein. In still other examples where the sensor array 26
include a zone of electrodes known a priori to map to prede-
termined region of interest of the organ, mapping and imaging
can be omitted altogether to further simplify the computa-
tions, and still provide useful diagnostic information for the
predetermined ROI of the patient’s organ. Additionally or
alternatively, the electrical signals sensed from the predeter-
mined zone of electrodes can be mapped as reconstructed
electrical signals onto a predefined region of interest of a
cardiac envelope by employing a predetermined inverse solu-
tion that has been derived a priori to perform such mapping
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from the predetermined zone to the predefined region of
interest in the absence of additional imaging.

FIG. 2 depicts an example of a system 50 that can be
implemented for generating geometry data 52 associated with
at least one internal anatomical structure of a patient. The
geometry data 52 can correspond to the geometry data 28 in
the example of FIG. 1. Therefore, reference is to be made to
the example of FIG. 1 in the following description of the
example of FIG. 2 for additional context.

The system 50 demonstrates a generic model 54 that can
correspond to dimensional data associated with a model of
the organ, such as a heart or brain. The generic model 54 can
be a model that is not specific to the patient 18, but can
correspond to a model having general features for the respec-
tive organ applicable to any or a subset of patient. For
example, the generic model 54 can be selected from a plural-
ity of models, each being associated with general physical
attributes of different patients, such as may vary according to
height, weight, age, and/or other characteristics of the patient
18. The generic model 54 can include dimensions associated
with features of the respective organ for which the therapy is
associated.

The system 50 also demonstrates image data 56, such as
can be obtained for the patient including the organ for which
therapy is to be applied. The image data 56 can correspond to
data resulting from any of a variety of invasive and/or non-
invasive imaging techniques. As an example, the image data
56 can be generated from image data that is acquired using
nearly any imaging modality. Examples of simplified imag-
ing modalities include ultrasound, X-ray, venography, fluo-
roscopy and the like. Where available, the image data can be
obtained by using other more complex imaging modalities,
such as computed tomography (CT), 3D Rotational angiog-
raphy (3DRA), magnetic resonance imaging (MRI), and
positron emission tomography (PET). These complex imag-
ing modalities thus can be utilized to generate three-dimen-
sional geometry data for the patient’s heart, such as for use in
reconstructing electrical signals on a cardiac envelope as
disclosed herein.

In the example of simplified imaging modalities, since the
purpose of the image data may not be full registration of the
sensor array and patient geometry for the organ for recon-
struction purposes, but instead to determine certain dimen-
sional information, image data obtained from the simplified
imaging modalities can be used at a considerable cost sav-
ings. For example, the image data 56 can include a set of data
corresponding to basic or a small set of dimensional informa-
tion associated with a periphery of the organ, such as points
along extrema of the organ. As used herein, the term
“extrema” refers to a point on a plane at an extreme distance
from each other along a given axis extending through the
anatomical structure (e.g., heart). Because the more simplis-
tic imaging of the organ can be implemented to obtain no
more information than dimensions associated with peripheral
fiducial points or the extrema of the organ, the imaging tech-
nique and processing thereof can be affected in a much more
rapid and/or less computational manner. It will be understood
and appreciated by those skilled in the art that the type of
imaging modality of the image data 56 can vary according to
the purpose or purposes of the image data 56. Additionally, it
is conceivable that one or more image sets can be acquired by
one or more imaging modalities, each of which can be stored
as the patient geometry data 28.

The system 50 can include a model adjustment algorithm
58 that is programmed to adjust the model 54 based on the
dimensional information to provide the geometry data 52.
The geometry data 52 can include a modified model of the
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organ. The modified model thus can correspond to version of
the model that has been customized for a patient based on
dimensions of the patient’s organ. The modified model can be
provided to apply an inverse algorithm for reconstructing
electrograms on a cardiac envelope, such as disclosed herein.

FIG. 3 depicts an example diagram 100 of an imaging
technique to obtain dimensions of an organ such as the heart.
The technique can be implemented to obtain the image data
56 in the example of FIG. 2. Therefore, reference can be made
to the example of FIGS. 1 and 2 in the following description
of the example of FIG. 3. In addition, in the example of FIG.
3, the imaging technique includes obtaining a venogram of
the heart of the patient 18. However, it is to be understood that
any of a variety of different manners of imaging can be
implemented in the imaging technique to image a variety of
different types of organs.

The diagram 100 demonstrates a venogram image 102 of
the veins surrounding the heart of the patient 18. The veno-
gram image 102 can be obtained, for example, based on
injecting a radioactive dye into the bloodstream of the patient
18 and obtaining a radiography image of the heart. Upon
obtaining the venogram image 102, a processing system (e.g.,
included in the control system 12 or provided by external
imaging equipment) can designate a plurality of fiducial
points 104 along the periphery of the venogram image 102.
As an example, the fiducial points 104 can be substantially
evenly spaced in two or three dimensions along the periphery
of'the venogram image 102. As another example, the fiducial
points 104 can be designated at extrema around the periphery
of the venogram image 102 at a predetermined number of
axes through the venogram image 102, such as to define
boundaries of the venogram 102. As yet another example, the
fiducial points 104 can be designated to identify specific
regions of interest of the heart, such as scar tissue or specific
regions of interest for the heart.

The diagram 100 thus also demonstrates a simplified image
representation 106 that can be generated for the heart. The
simplified image 106 of the heart can thus correspond to a
featureless three-dimensional representation of the outer
dimensions of the heart. For example, the associated proces-
sor can be configured to connect the fiducial points 104 to
obtain the simplified image 106 of the heart in three dimen-
sions. Accordingly, the image data 56 can correspond to the
simplified image 106 of the heart. As another example, the
associated processor could be configured to simply calculate
distances between the fiducial points 104. Therefore, in this
example, the simplified image 106 of the heart is not gener-
ated, but is instead demonstrated by a set of dimensions
associated with each of the fiducial points 104, such as rela-
tive to each other or to neighboring fiducial points 104.
Accordingly, the image data 56 can correspond to the set of
dimensions based on the identified the fiducial points 104.

FIG. 4 depicts another example diagram 150 of an imaging
technique to obtain dimensions for providing geometry of an
organ. The technique can be implemented to obtain the image
data 56 in the example of FI1G. 2. Therefore, reference is to be
made to the example of FIGS. 1 and 2 in the following
description of the example of FIG. 4. In addition, in the
example of FIG. 4, the imaging technique includes obtaining
avenogram of the heart of the patient 18. However, it is to be
understood that any of a variety of different manners of imag-
ing can be implemented in the imaging technique to image a
variety of different types of organs.

In the example of FIG. 5, the image 150 demonstrates a
venogram image 152 of the veins surrounding the heart of the
patient 18. Upon obtaining the venogram image 152, a pro-
cessing system (e.g., included in the control system 12 or
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provided by external imaging equipment) can designate
extrema points 154 at the periphery of the venogram image
102 in two or three orthogonal axes. The extrema points 154
of the venogram image 152 can include points at the furthest
extensions in height, width, and depth in a Cartesian coordi-
nate system.

For example, by designating the extrema points 154 of the
venogram 152, the associated processor can calculate
extrema dimensions in the X, Y, and Z Cartesian coordinate
axes. The extrema dimensions in the X, Y, and Z Cartesian
coordinate axes can thus correspond to simplified image data
associated with the heart of the patient 18 in two or three
orthogonal axes. Accordingly, the image data 56 can corre-
spond to extrema dimensions of the heart in the X, Y, and Z
Cartesian coordinate axes. Other coordinate systems can be
used.

Referring back to the example of FIG. 2, the model adjust-
ment algorithm 58 can be configured to modify the generic
model 54 of the internal anatomical structure based on dimen-
sions of the internal anatomical structure of the patient 18
provided in the image data 56. For example, the model adjust-
ment algorithm 58 can be configured to stretch or contract the
features of the generic model 54 based on the dimensions
associated with the simplified image 106, as provided in the
example of FI1G. 3, or based on the extrema dimensions of the
internal anatomical structure (e.g., heart) in the X, Y, and/or Z
Cartesian coordinate axes, as provided in the example of FIG.
4. Accordingly, the model adjustment algorithm 58 can gen-
erate an adjusted model that is associated with the actual
dimensions of the internal anatomical structure of the patient
18. The adjusted model is thus saved as the geometry data 52
that can be implemented for analysis, as disclosed herein. For
example, the geometry data 52 canbe generated as a graphical
or array representation of the internal anatomical structure of
the patient 18 based on the model adjustment algorithm 58.

It is to be understood that the generation of the geometry
data 52 in the example of FIG. 2 is provided as an example,
and that other manners of generating the geometry data 52 can
be implemented. For example, the geometry data 52 can be
generated absent a generic model 54. As one example, the
geometry data 52 can be generated based on raw image data
that is obtained via any of a variety of imaging techniques. As
another example, the image data 56 that is obtained via sim-
plified imaging techniques, such as described in the examples
of FIGS. 3 and 4, may be converted directly into the geometry
data 52, and thus may be implemented without modifying a
generic model 54. As a result, the geometry data 52 can be a
greatly simplified set of data corresponding to the internal
anatomical structure of the patient 18 when compared to
geometry data used with more complex imaging modalities.

Referring back to the example of FIG. 1, the control system
12 also includes an analysis system 30. The analysis system
30is configured to analyze the electrical data 24 relative to the
geometry data 28 to determine an efficacy of the therapy that
is delivered to the patient 18. The analysis can be performed
for a given set of electrical data 24 that corresponds to a given
one or more values of a therapy parameter, as provided by the
therapy system 14, at each of a plurality of iterations of the
therapy. For example, upon analyzing the electrical data 24
relative to the geometry data 28 for a given iteration, the
analysis system 30 can instruct the parameter controller 20 to
change one or more values of the parameter(s) associated
with the therapy being delivered to the patient 18. The analy-
sis system 30 can thus monitor differences in the electrical
data 24 based on the adjustment to the one or more values of
the parameter(s) associated with the therapy being delivered
to the patient 18 at a next iteration. As an example, the change
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to the one or more values of the parameter(s) associated with
the therapy can be based on the monitored difference in an
observed functional and/or structural characteristic of the
organ derived from the electrical data 24. In this way, the
change in therapy can be responsive to identified effects of the
value(s) of the set of one or more parameters of the therapy in
a given iteration. Accordingly, the analysis system 30 can be
configured to provide the therapy to the patient 18 in a closed-
loop feedback manner.

FIG. 5 depicts an example of an analysis system 200 for
providing therapy for a patient. The analysis system 200 can
correspond to the analysis system 30 in the example of FIG.
1. Therefore, reference is to be made to the example of FIG.
1 in the following description of the example of FIG. 5.

The analysis system 200 can be programmed to compute
an indication corresponding to a biological function of the
organ, such as can represent a structural, electrical or a com-
bination of structural and electrical functions. The analysis
system 200 can be implemented as computer-executable
instructions implemented on a processor running remotely or
locally on a computer. A user interface (not shown) can be
utilized to activate or otherwise interact with the analysis
system 200.

In some examples, the analysis system 200 can calculate an
indication of synchrony of a heart of the patient 18. The
indication of synchrony can be employed to provide a quan-
titative measure of synchrony for the heart or a measure of
dyssynchrony for the heart or a combination of synchrony and
dyssynchrony, such as to provide CRT.

The analysis system 200 can include a registration system
202 that is configured to obtain a set of electrogram data,
demonstrated in the example of FIG. 5 as EG_DATA. The set
of'data EG_DATA can correspond to the electrical data 24 and
the geometry data 28, such as accessible from the memory 22
by the analysis system 200. The registration system 202 can
thus be configured to register the electrical data 24 to a com-
mon coordinate system with the patient geometry data 28. For
instance, the electrical data 24 can be stored in a data structure
of rows (corresponding to different anatomical points) and
columns (corresponding to samples) in which the rows of data
have the same index as (or are registered to) respective points
residing on patient geometry data 28. Is some examples, the
electrical data 24 can correspond to body surface electrical
signals that can be individually associated with one or more
regions of interest of the internal anatomical structure, such as
based on the geometry data 28. Thus, the registration system
202 can correlate the body surface electrical signals with the
specific one or more regions of interest of the internal ana-
tomical structure.

As a further example, the registration system 202 can also
include a mapping system 204. The mapping system 204 can
be configured to register the electrical data 24 onto the geom-
etry data 28 in a manner that is associated with an image ofthe
internal anatomical structure (e.g., the heart or other organ) of
the patient 18. In one embodiment, the samples of the elec-
trical data 24 can represent simultaneous information across
the entire surface region of the patient’s body. The mapping
system 204 can reconstruct electrical signals for the internal
anatomical structure (e.g., the heart) of the patient 18 based
onthe EG_DATA. As an example, the electrical data 24 can be
mapped to the representation of the organ according to iden-
tified anatomical landmarks provided by the geometry data
28. For example, the mapping system 204 can implement the
inverse method to reconstruct the electrical activity for a
predetermined surface region of the internal anatomical
structure of the patient 18. Therefore, the electrical data 24
can be mapped to the specific regions of the internal anatomi-
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cal structure (e.g., the heart) to identify the electrical activity
of the specific regions of the internal anatomical structure.

The analysis system 200 also includes an anatomical func-
tion calculator 206 that is configured to calculate at least one
function of the internal anatomical structure based on the
registration of the electrical data 24 with the geometry data
28. In some examples, the anatomical function calculator 206
can be configured to calculate synchrony of the heart of the
patient based on reconstructed electrical signals computed by
the mapping system. In other examples, the anatomical func-
tion calculator 206 can be configured to calculate synchrony
of the heart of the patient directly from the electrical data
sensed from a predetermined zone of the patient’s body sur-
face that has been determined to be a surrogate for a specific
region of interest of the patient’s organ (i.e., without having to
compute reconstructed electric signals on the patient’s
organ).

By way of further example, the anatomical function calcu-
lator 206 can be programmed to quantify an indication of
synchrony based on the one or more temporal characteristics
based on the registration of the electrical data 24 with the
geometry data 28 over time. By way of further example, the
anatomical function calculator 206 can calculate one or more
indices such as including a global synchrony index (GSI), an
intraventricular conduction index (ICI), a segmental syn-
chrony index (SSI), and/or a late activation index. For
instance, the anatomical function calculator 206 can provide
a measure of synchrony based upon statistical analysis of
activation times for the left ventricle relative to the right
ventricle of the heart of the patient 18. An example of calcu-
lation of heart synchrony that can be implemented is shown
and described in International Application No. PCT/US11/
59174, which was filed 3 Nov. 2011, which is incorporated
herein by reference.

The computed function ofthe internal anatomical structure
can be provided to a function output system 208 that is con-
figured to arrange the function information into a format
suitable for review, such as by a physician or user of the
control system 12. The format is provided to a display system
210 that is configured to provide a graphical display of the
function of the internal anatomical structure. For example, the
display system 210 can include a computer monitor config-
ured to display an image of the internal anatomical structure,
as well as the associated characteristics of the respective
function(s). The image of the internal anatomical structure
can be provided via the registration system 202, such as based
on the geometry data 28, and can demonstrate the function on
the image in a variety of ways, such as numerically and/or
color-coded. For example, the display system 210 can display
the function on respective sets of regions of interest of the
internal anatomical structure, such as based on the registra-
tion of the electrical data 24 to the geometry data 28.

In addition, the function output system 208 can be config-
ured to determine a set of one or more values associated with
parameters of the therapy to provide to the parameter control-
ler 20 for administering the therapy to the patient 18 in a next
iteration. For example, the function output system 208 can
identify an effect of the therapy on the patient 18 at a given
iteration based on a given set of value(s) for parameters asso-
ciated with the therapy. Such effect corresponding to the
function of the internal anatomical structure can be saved in a
memory, such as the memory 22. The function output system
208 can thus calculate or otherwise identify a change to the
value(s) for the parameters for a next iteration to optimize the
therapy being delivered to the patient 18 based on the effect of
the set of value(s) in a previous iteration, such as by accessing
the indication of the function from the memory (e.g., the
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memory 22). Therefore, in the example of FIG. 5, the function
output system 208 provides a signal CTRL to the parameter
controller 20 to command the therapy system 14 to administer
the therapy to the patient 18 based on the changes to the
value(s) identified by the function output system 208.
Accordingly, the function output system 208 controls the
administration of the therapy to the patient 18 based on the
measured electrical data 24 in a closed-loop feedback man-
ner.

As described previously, the electrical data 24 can be ascer-
tained based on monitoring the sensor array 26 positioned at
predetermined zones that can correspond to specific regions
of interest of the internal anatomical structure. For example,
it can be a priori ascertained that collecting electrical data
from predetermined regions on the body surface ofthe patient
18 can correspond to electrical information associated with
predetermined regions of the heart, such as the left and right
ventricles. Therefore, the sensor array 26 can be provided in
a manner that is specific to gathering electrical data 24 that is
pertinent to the specific type of information necessary to
administer the respective therapy to the patient 18.

FIG. 6 depicts an example diagram 250 that can be utilized
for collecting electrical data for a patient. The approach can
be utilized in connection with providing a therapy, such as in
aclosed loop manner as disclosed herein, as well as solely for
diagnostic purposes separate from therapy delivery. The dia-
gram 250 can correspond to collecting the electrical data 24 of
the patient 18 in the example of FIG. 1. Reference can be
made to the example of FIG. 1 in the following description of
the example of FIG. 6 for additional context for how it may be
utilized as part of a system or method to deliver therapy.

The diagram 250 demonstrates a sensor array 252 that has
been placed on a body surface of a patient 254. The sensor
array 252 can include an array of sensors (e.g., electrodes)
that can contact with the body surface of the patient 254, such
that the sensors can each be configured to monitor electrical
signals at different predetermined locations on the body sur-
face of the patient 254. The sensor array 252 can correspond
to one or more predetermined zones of the patient’s body
surface. In the example of FIG. 6, the sensor array includes a
plurality of discrete, separate zones, including a first zone
256, a second zone 258, and a third zone 260. Each of the
separate zones 256, 268, and 260 can correspond to map
deterministically to a different specific region of interest on
the heart of the patient 254, which can be determined a priori.
For example, the sensors in each of the separate zones 256,
268, and 260 can be implemented to collect electrical data of
respective corresponding regions of interest of the heart of the
patient 254. For example, the sensors of the separate zones
256, 258, and 260 can be associated based on substantially
adjacent sensors to correspond to contiguous portions of the
internal anatomical structure.

The diagram 250 also demonstrates an image for the heart
262 that includes a plurality of different regions of interest for
the heart. In the example of FIG. 6, the image for the heart 262
can represent the left-ventricle of the heart, including a lateral
portion 264, an apex portion 266, and a base portion 268. For
example, the image for the heart 262 can correspond to a
general image model for representing a heart, such as the type
typically utilized in electrophysiology studies or as may be
selected by a user. As an example, image for the heart 262 can
correspond to a graphical representation of a heart, such as a
simplified illustration of a heart that has unspecific associated
dimensions. As yet another example, the diagram 262 can
correspond to an image of the actual heart of the patient 254,
such as obtained via a variety of imaging techniques.
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In the example of FIG. 6, the first zone 256 of the sensor
patch 252 can correspond to monitoring electrical data asso-
ciated with the lateral portion 264 of the left ventricle of the
heart of the patient 254. Similarly, the second zone 258 can
correspond to monitoring electrical data associated with the
apex portion 266 of the left ventricle of the heart of the patient
254 and the third zone 260 can correspond to monitoring
electrical data associated with the base portion 268 of the left
ventricle of the heart of the patient 254. The correlation of the
zones with the 256, 268, and 260 with the portions 264, 266,
and 268 of the left ventricle of the heart can be based on prior
collected electrical data from a plurality of patients over
respectively applied therapies. For example, correlation data
can be collected over the administration of a specific therapy
to a plurality of patients to ascertain an associated of the
location of the zones 256, 268, and 260 with the specific
portions 264, 266, and 268 of the left ventricle of the heart of
patients. Such correlation can account for physical attributes
of'the patients, such as to ascertain a location of placement of
the sensor patch 252 on the body surface of the patient 254
based on the patient’s respective physical attributes. Such
placement can also be based on implementing an imaging
apparatus, such as X-ray imaging devices to guide the sensor
patch 252 to the appropriate portion of the body surface of the
patient 254.

For example, such a priori knowledge of the correlation of
zones with regions of interest of the internal anatomical struc-
ture can be implemented to develop a variety of different
sensor array devices for collecting electrical data associated
with the internal anatomical structure of patients, such as
similar to the sensor patch 252. For example, the correlation
of zones with regions of interest can be implemented to pro-
vide sensor patches in one or more pieces having shapes that
can conform to external anatomical portions of a given
patient, such as arms, legs, and the head, as well as conform-
ing to the left and right sides of the patients. Other types of
sensor array devices can be implemented, such as bands,
vests, and other worn devices that can have array zones of
sensors that correspond to specific known regions of interest
of the internal anatomical structure or structures of a given
patient.

In the example of FIG. 6, based on the correlation of the
zones 256, 268, and 260 with the portions 264, 266, and 268
of the left ventricle of the heart, the collected electrical data
can be correlated directly to the specific portions 264, 266,
and 268 of the left ventricle or other regions of interest for the
heart such as to provide accurate calculation of the function
(e.g., synchrony) of the heart. For example, the registration
system 202 can be configured to associate the electrical data
24 of the respective zones 256, 268, and 260 with the portions
264, 266, and 268 of the left ventricle of the heart. In the
example of FIG. 6, the diagram 262 is depicted to include data
“AAAA” associated with the lateral portion 264, such as
collected by the sensors in the zone 256, data “BBBB” asso-
ciated with the apex portion 266, such as collected by the
sensors in the zone 258, and data “CCCC” associated with the
base portion 268, such as collected by the sensors in the zone
260. A further example of correlating electrical data to por-
tions of an internal anatomical structure that can be imple-
mented is shown and described in Provisional Application
No. 61/546,083, which was filed 12 Oct. 2011, which is
incorporated herein by reference.

Therefore, the anatomical function calculator 206 can
determine the function (e.g., synchrony) of the heart based at
least in part on the correlation of the zones 256, 268, and 260
with the portions 264, 266, and 268 of the left ventricle of the
heart. Furthermore, the function output system 208 can
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implement the correlation demonstrated in the diagram 262,
such as in providing commands to the parameter controller 20
via the signal CTRL, and by providing the data necessary to
display of such information via the display system 210.
Accordingly, a physician or user of the control system 12 can
ascertain the data associated with each of the portions 264,
266, and 268 of the left ventricle of the heart of the patient
254.

Itis to be understood and appreciated that the correlation of
predetermined zones to specific regions of interest of an inter-
nal anatomical structure is not limited to portions of the heart,
as demonstrated in the example of FIG. 6. Thus, electrical
data of any of a variety of anatomical structures can be
obtained from known regions of interest in a manner similar
to as described herein.

As a further example, FIG. 7 depicts an example of a
display 280 (e.g., a graphical user interface) that can be gen-
erated by systems and methods disclosed herein. The display
280 includes a graphical representation of a heart 282 that has
been divided into a plurality of regions of possible interest. In
the example of FIG. 7, a value (SI__1), such as a index that
represents synchrony for a given region of interest 284 is
superimposed on the which a potential map has been dis-
played corresponding to reconstructed electrical signals at a
selected time. The value could be other indicators of cardiac
function that may be computed for each separate region of
interest directly from the sensed electrical data from a prede-
termined zone of electrodes as disclosed herein. Additionally
or alternatively, the representation of a heart 282 can include
color codes, which are specified by a color scale 286 to
identify the computed indication of cardiac function. Each
such indication of cardiac function, for this example, can be
computed directly from the electrical data sensed from a
predetermined body surface zone without requiring mapping
or reconstruction of electrical signals on to the organ. The
display 280 can also include a heart GUI element 288 that
represents a user-adjustable orientation of the heart 282.

FIG. 8 depicts an example of a display 290 (e.g., a graphi-
cal user interface) that can be generated by systems and
methods disclosed herein. In the example of FIG. 8, the dis-
play includes a graphical representation of a cardiac map 292
that includes reconstructed electrical activity, such as can be
generated using simplified imaging techniques disclosed
herein. The cardiac function information provided in the map
292 can include electrograms that can change over time,
activation maps, depolarization maps, synchrony maps and
the like, which can be derived from electrical signals obtained
from a sensor array and based on geometry data. The cardiac
function information can be color coded according to a scale
294. A user can also change the orientation of cardiac map via
a user interface element 296.

In view of the foregoing structural and functional features
described above, methodologies in accordance with various
aspects of the present invention will be better appreciated
with reference to FIGS. 9-11. While, for purposes of simplic-
ity of explanation, the methodologies of FIG. 9-11 are shown
and described as executing serially, it is to be understood and
appreciated that the present invention is not limited by the
illustrated order, as some aspects could, in accordance with
the present invention, occur in different orders and/or concur-
rently with other aspects from that shown and described
herein. Moreover, not all illustrated features may be required
to implement a methodology in accordance with an aspect of
the present invention.

FIG. 9 depicts an example of a flow diagram 300 illustrat-
ing an example of a method for providing therapy for a
patient. At 302, a therapy having at least one parameter is
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applied to at least one internal anatomical structure of the
patient. As an example, the therapy can be CRT that is applied
to the heart of the patient. At 304, electrical data is obtained
from the patient in response to the applied therapy via a
plurality of sensors at each of a plurality of iterations. The
electrical data can be obtained from electrode sensors, such as
positioned at predetermined zones on a body surface of the
patient that each correspond to specific regions of interest of
the internal anatomical structure of the patient.

At 306, the electrical data associated with a respective
value of the at least one parameter of the therapy is automati-
cally analyzed at each of the plurality of iterations to compute
an indication of at least one function of the at least one
internal anatomical structure of the patient. The function can
be synchrony of the heart, such as in CRT. The analysis can
occur based on registration of the electrical data with geom-
etry data associated with the internal anatomical structure.
The geometry data can be generated based on providing sim-
plified image data associated with the internal anatomical
structure, such as to ascertain dimensions associated with the
internal anatomical structure. The dimensions can thus be
implemented to modify a generic model of the internal ana-
tomical structure.

At 308, the indication of the at least one function of the at
least one internal anatomical structure of the patient in stored
in a memory. The memory can be the same memory that
stores electrical data and/or geometry data associated with the
patient. At 310, a respective value of the at least one parameter
of'the therapy being delivered to the patient is adjusted at each
of' the plurality of iterations in response to the analysis of the
electrical data to the at least one function of the at least one
internal anatomical structure of the patient. The therapy is
thus delivered to the patient in a closed-loop feedback man-
ner, such that the therapy is adjusted based on the results of the
therapy at a previous iteration.

FIG. 10 depicts another example of a flow diagram 350
illustrating an example of a method that can be used for
diagnostic purposes as well as providing therapy for a patient.
At 352, atherapy having atleast one parameter can be applied
to at least one organ of the patient. As an example, the therapy
can be CRT that is applied to the heart of the patient. In other
examples the method 350 can be performed in the absence of
delivering therapy to the patient. At 354, electrical data is
obtained from a body surface of the patient in response to the
applied therapy via a plurality of sensors associated with a
predetermined zone corresponding to a predetermined region
of interest of the organ of the patient. The electrical data can
be obtained from electrode sensors.

At 356, the clectrical data is automatically analyzed to
compute an indication of at least one function of the prede-
termined region of interest of the organ of the patient. The
function can be synchrony ofthe heart, such as foruse in CRT.
The analysis can occur directly from the electrical signals
obtained for the predetermined zone since such signals map
deterministically to a predefined region of interest of the
organ (e.g., a cardiac segment). In other examples, the analy-
sis can include mapping the electrical data onto the pre-
defined region of interest. Such mapping can be performed
based on applying an inverse algorithm programmed for map-
ping the electrical signals from the predetermine zone onto
reconstructed electrical signals at points in the predefined
region of interest of the organ without image-based geometry
data. In other examples, the mapping can be performed based
on registration of the electrical data with geometry data asso-
ciated with the organ, such as may be obtained a priori for
mapping electrical signals from a predetermined body sur-
face zone to a predefined region of interest of the patient’s
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organ. In other examples, the geometry data can be generated
based on providing simplified image data associated with the
organ, such as to ascertain dimensions associated with the
internal anatomical structure. The dimensions can thus be
implemented to modify a generic model of the internal ana-
tomical structure, and the inverse algorithm can be applied to
the modified model to provide the reconstructed electrical
signals on the predefined region of interest of the organ.

At 358, the indication of the at least one function of the
predetermined region of interest of the at least one internal
anatomical structure of the patient is stored in a memory. The
memory can be the same memory that stores electrical data
and/or geometry data associated with the patient. In some
examples, the indication of function can be displayed for
diagnostic purposes, which can be a value (e.g., indicating a
synchrony index) and/or as a value superimposed on an
image, such as demonstrated in FIG. 7. In other examples,
additionally or alternatively, a respective value of at least one
parameter of the therapy being delivered to the patient can be
adjusted at each of a plurality of iterations in response to
analysis of the electrical data to the at least one function of the
atleast one internal anatomical structure of the patient. There-
fore, the therapy can thus be delivered to the patient in a
closed-loop feedback manner, such that the therapy is
adjusted based on the results of the therapy at a previous
iteration.

FIG. 11 depicts yet an example of a flow diagram 400
illustrating an example of a method for providing therapy for
a patient. At 402, image data associated with at least one
internal anatomical structure of the patient is obtained. The
image data can correspond to ultrasound, computed tomog-
raphy (CT), 3D Rotational angiography (3DRA), magnetic
resonance imaging (MRI), X-ray, positron emission tomog-
raphy (PET), venography to obtain dimensions associated
with the internal anatomical structure. At 404, dimensions
associated with the at least one internal anatomical structure
of the patient are calculated. The dimensions can be associ-
ated with respective fiducial points around a periphery of the
image of the internal anatomical structure or with extrema of
the image of the internal anatomical structure in at least two
orthogonal axes. At 406, dimensions of a generic model asso-
ciated with the at least one internal anatomical structure of the
patient are modified based on the calculated dimensions. The
dimensions can thus be implemented to stretch or contract the
dimensions of the generic model.

At 408, a therapy having at least one parameter is applied to
the at least one internal anatomical structure of the patient. As
an example, the therapy can be CRT that is applied to the heart
of the patient. At 410, electrical data is obtained from the
patient in response to the applied therapy via a plurality of
sensors at each of a plurality of iterations. The electrical data
can be obtained from electrode sensors, such as positioned at
predetermined zones on a body surface ofthe patient that each
correspond to specific regions of interest of the internal ana-
tomical structure of the patient. At 412, the electrical data is
correlated to a corresponding at least one region of interest of
the modified generic model. The correlation can be based on
a priori knowledge of an association between the predeter-
mined zones and the regions of interest based on prior thera-
pies administered to a plurality of patients. In other examples
the correlation can be performed by mapping electrical data
from sensors (e.g., on a body surface) as reconstructed elec-
trical signals on a surface of an organ or other envelope
construct associated with the organ based on electrical and
geometry obtained for the patient.

At 414, the correlated electrical data associated with a
respective value of the at least one parameter of the therapy is
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automatically analyzed at each of the plurality of iterations to
compute an indication of at least one function of the at least
one internal anatomical structure of the patient. The analysis
can be performed based on the correlation of the electrical
data with the specific regions of interest of the internal ana-
tomical structure. At 416, the indication of the at least one
function of the atleast one internal anatomical structure of the
patient is stored in a memory. At 418, a respective value of the
at least one parameter of the therapy being delivered to the
patient at each of the plurality of iterations is adjusted in
response to the analysis of the electrical data to the at least one
function of the atleast one internal anatomical structure of the
patient. The therapy is thus delivered to the patient in a closed-
loop feedback manner, such that the therapy is adjusted based
on the results of the therapy at a previous iteration. Addition-
ally, the reconstructed electrograms or other relevant data
derived therefrom can be displayed as a cardiac map in a
display during the delivery of the therapy.

FIG. 12 depicts an example of a computer system 450 that
can be used to perform methods according to an embodiment
of the invention, such as including providing therapy to a
patient in a closed-loop feedback manner. Computer system
450 can be implemented on one or more general purpose
networked computer systems, embedded computer systems,
routers, switches, server devices, client devices, various inter-
mediate devices/nodes or stand alone computer systems.
Additionally, computer system 450 can be implemented on
various mobile clients such as, for example, a personal digital
assistant (PDA), laptop computer, pager, and the like, pro-
vided it includes sufficient processing capabilities to perform
the functions disclosed herein.

Computer system 450 includes processing unit 451, sys-
tem memory 452, and system bus 453 that couples various
system components, including the system memory, to pro-
cessing unit 451. Dual microprocessors and other multi-pro-
cessor architectures also can be used as processing unit 451.
System bus 453 may be any of several types of bus structure
including a memory bus or memory controller, a peripheral
bus, and a local bus using any of a variety of bus architectures.
System memory 452 includes read only memory (ROM) 454
and random access memory (RAM) 455. A basic input/output
system (BIOS) 456 can reside in ROM 454 containing the
basic routines that help to transfer information among ele-
ments within computer system 450.

Computer system 450 can include a hard disk drive 457,
magnetic disk drive 458, e.g., to read from or write to remov-
able disk 459, and an optical disk drive 460, e.g., for reading
CD-ROM disk 461 or to read from or write to other optical
media. Hard disk drive 457, magnetic disk drive 458, and
optical disk drive 460 are connected to system bus 453 by a
hard disk drive interface 462, a magnetic disk drive interface
463, and an optical drive interface 464, respectively. The
drives and their associated computer-readable media provide
nonvolatile storage of data, data structures, and computer-
executable instructions for computer system 450. Although
the description of computer-readable media above refers to a
hard disk, a removable magnetic disk and a CD, other types of
media that are readable by a computer, such as magnetic
cassettes, flash memory cards, digital video disks and the like,
in a variety of forms, may also be used in the operating
environment; further, any such media may contain computer-
executable instructions for implementing one or more parts of
the present invention.

A number of program modules may be stored in drives and
RAM 455, including operating system 465, one or more
application programs 466, other program modules 467, and
program data 468. The application programs and program

10

15

20

25

30

35

40

45

50

55

60

18

data can include functions and methods programmed to
acquire, process and display electrical data from one or more
sensors and to provide for closed loop control for delivery of
a therapy (e.g., CRT) to a patient, such as shown and
described herein. The application programs and program data
can include functions and methods programmed to process
data acquired for a patient to facilitate delivering a therapy,
such as disclosed herein with respect to FIGS. 1-11.

A user may enter commands and information into com-
puter system 450 through one or more input devices 470, such
as a pointing device (e.g., a mouse, touch screen), keyboard,
microphone, joystick, game pad, scanner, and the like. For
instance, the user can employ input device 470 to edit or
modify a domain model. These and other input devices 470
are often connected to processing unit 451 through a corre-
sponding port interface 472 that is coupled to the system bus,
but may be connected by other interfaces, such as a parallel
port, serial port, or universal serial bus (USB). One or more
output devices 474 (e.g., display, a monitor, printer, projector,
orother type of displaying device) is also connected to system
bus 453 via interface 476, such as a video adapter.

Computer system 450 may operate in a networked envi-
ronment using logical connections to one or more remote
computers, such as remote computer 478. Remote computer
478 may be a workstation, computer system, router, peer
device, or other common network node, and typically
includes many or all the elements described relative to com-
puter system 450. The logical connections, schematically
indicated at 480, can include a local area network (LAN) and
a wide area network (WAN).

When used in a LAN networking environment, computer
system 450 can be connected to the local network through a
network interface or adapter 482. When used in a WAN net-
working environment, computer system 450 can include a
modem, or can be connected to a communications server on
the LAN. The modem, which may be internal or external, can
be connected to system bus 453 via an appropriate port inter-
face. In a networked environment, application programs 466
or program data 468 depicted relative to computer system
450, or portions thereof, may be stored in a remote memory
storage device 490.

What have been described above are examples. It is, of
course, not possible to describe every conceivable combina-
tion of components or methodologies, but one of ordinary
skill in the art will recognize that many further combinations
and permutations are possible. Accordingly, the invention is
intended to embrace all such alterations, modifications, and
variations that fall within the scope of this application, includ-
ing the appended claims. As used herein, the term “includes”
means includes but not limited to, the term “including” means
including but not limited to. The term “based on” means
based at least in part on. Additionally, where the disclosure or
claims recite “a,” “an,” “a first,” or “another” element, or the
equivalent thereof; it should be interpreted to include one or
more than one such element, neither requiring nor excluding
two or more such elements.

What is claimed is:

1. A non-transitory computer readable medium that, when
executed, is configured to implement a method, the method
comprising:

providing at least one parameter to control a therapy that is

applied to at least one internal anatomical structure of a
patient;

obtaining electrical data from the patient, including elec-

trical data acquired via a plurality of sensors during each
of a plurality of iterations of the therapy, the sensors
being distributed across a predetermined spatial zone of
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a body surface of the patient that provides a surrogate
that maps deterministically to at least one predetermined
region of interest of the at least one internal anatomical
structure;

automatically analyzing the electrical data associated with

a respective value of the at least one parameter of the
therapy at each of the plurality of iterations of the
applied therapy to compute an indication of at least one
function of the at least one internal anatomical structure
of the patient at each respective iteration of the applied
therapy;

storing the indication of the at least one function of the at

least one internal anatomical structure of the patient in a
memory; and

adjusting the at least one parameter of the therapy for

delivery in a subsequent one of the plurality of iterations
based on the indication of the at least one function.
2. The medium of claim 1, further comprising correlating
the electrical data to a corresponding predetermined region of
interest of a generic model of the at least one internal ana-
tomical structure.
3. The medium of claim 2, further comprising:
calculating dimensions associated with the at least one
internal anatomical structure of the patient; and

modifying the generic model associated with the at least
one internal anatomical structure of the patient to pro-
vide a modified model based on the calculated dimen-
sions.

4. The medium of claim 3, wherein calculating the dimen-
sions further comprises:

obtaining image data associated with the at least one inter-

nal anatomical structure of the patient;

calculating dimensions associated with extrema of the at

least one internal anatomical structure of the patient in at
least two orthogonal axes based on the image data.

5. The medium of claim 4, wherein calculating the dimen-
sions comprises:

obtaining a plurality of fiducial points at extrema of the at

least one internal anatomical structure of the patient
based on the image data; and

calculating dimensions between each of the plurality of

fiducial points at opposing extrema.

6. The medium of claim 1,

wherein applying the therapy comprises applying cardiac

resynchronization therapy (CRT) to a heart of the
patient,

wherein automatically analyzing the electrical data com-

prises automatically analyzing the electrical data asso-
ciated with a respective value of at least one CRT param-
eter associated with electrical stimulation of the heart of
the patient at each of the plurality of iterations to com-
pute an indication of synchrony associated with the heart
of the patient, and

wherein adjusting the at least one CRT parameter com-

prises adjusting the electrical stimulation being deliv-
ered to the heart of the patient at each of the plurality of
iterations based on the analysis of the electrical data
associated with the synchrony of the heart of the patient.

7. The method of claim 1, wherein the electrical data that is
used to compute the at least one function comprises one of (i)
body surface electrical signals obtained across the predeter-
mined zone or (ii) reconstructed electrical signals for the at
least one predetermined region of interest of the internal
anatomical structure derived from the body surface electrical
signals distributed across the predetermined zone.
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8. A non-transitory computer readable medium that, when
executed, is configured to implement a method, the method
comprising:

providing at least one parameter to control a therapy that is

applied to a heart of a patient;

obtaining electrical data from the patient, including elec-

trical data acquired via a plurality of sensors distributed
across a predetermined zone of a body surface of the
patient corresponding to at least one predetermined
region of interest of the at least one internal anatomical
structure during each of a plurality of iterations of the
therapy, wherein the predetermined region of interest
corresponds to a predetermined region of interest of the
heart of the patient;

automatically analyzing the electrical data associated with

a respective value of the at least one parameter of the
therapy at each of the plurality of iterations of the
applied therapy to compute an indication of synchrony
for the predetermined region of interest of the heart from
the electrical data obtained for the predetermined zone at
each respective iteration of the applied therapy;

storing the indication of the synchrony of the predeter-

mined region of interest of the heart in a memory;
adjusting the at least one parameter of the therapy for
delivery in a subsequent one of the plurality of iterations
based on the indication of the at least one function; and
displaying the computed indication of synchrony on an
image of the heart in area of the heart corresponding to
the predetermined region of interest.

9. A non-transitory computer readable medium that, when
executed, is configured to implement a method, the method
comprising:

providing at least one parameter to control a therapy that is

applied to at least one internal anatomical structure of a
patient;

obtaining electrical data from the patient, including elec-

trical data acquired via a plurality of sensors during each
of a plurality of iterations of the therapy;

correlating the electrical data obtained from the patient to

at least one corresponding region of interest of a generic
model associated with the at least one internal anatomi-
cal structure of the patient;

automatically analyzing the electrical data associated with

a respective value of the at least one parameter of the
therapy at each of the plurality of iterations of the
applied therapy to compute an indication of at least one
function of the at least one internal anatomical structure
of the patient at each respective iteration of the applied
therapy;

storing the indication of the at least one function of the at

least one internal anatomical structure of the patient in a
memory; and

adjusting the at least one parameter of the therapy for

delivery in a subsequent one of the plurality of iterations
based on the indication of the at least one function.
10. The medium of claim 9, further comprising:
calculating dimensions associated with the at least one
internal anatomical structure of the patient; and

modifying the generic model associated with the at least
one internal anatomical structure of the patient based on
the calculated dimensions to provide a modified model
of the at least one internal anatomical structure, wherein
correlating the electrical data further comprises corre-
lating the electrical data obtained from the patient to at
least one corresponding region of interest the modified
model to provide the correlated data.
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11. The medium of claim 10, wherein calculating the
dimensions further comprises:

obtaining image data associated with the at least one inter-

nal anatomical structure of the patient; and

calculating dimensions associated with extrema of the at

least one internal anatomical structure of the patient in at
least two orthogonal axes based on the image data.

12. The medium of claim 11, wherein obtaining the image
data comprises at least one of obtaining at least one X-ray
image of the at least one internal anatomical structure of the
patient, obtaining a venogram image of the at least one inter-
nal anatomical structure of the patient, obtaining a fluoros-
copy image of the at least one internal anatomical structure of
the patient, or obtaining an ultrasound image of the at least
one internal anatomical structure of the patient.

13. The medium of claim 11, wherein modifying the
generic model comprises modifying dimensions associated
with the generic model in each of the at least two orthogonal
axes based on the calculated dimensions in the at least two
orthogonal axes.

14. A non-transitory computer readable medium that, when
executed, is configured to implement a method, the method
comprising:

providing at least one cardiac resynchronization therapy

(CRT) parameter to control a CRT that is applied to a
heart of a patient;

obtaining electrical data from the patient, including elec-

trical data acquired via a plurality of sensors during each
of a plurality of iterations of the CRT;

reconstructing electrical signals on a cardiac envelope of

the heart based on the electrical data;
automatically analyzing the reconstructed electrical sig-
nals associated with a respective CRT value of the at
least one CRT parameter associated with electrical
stimulation of the heart of the patient at each of the
plurality of iterations of the applied CRT to compute an
indication of synchrony associated with the heart of the
patient at each respective iteration of the applied CRT;

storing the indication of synchrony associated with the
heart of the patient in a memory; and

adjusting the electrical stimulation being delivered to the

heart of the patient at each of a plurality of iterations
based on the analysis of the electrical data associated
with the synchrony of the heart of the patient.

15. The medium of claim 14, wherein reconstructing elec-
trical signals further comprises reconstructing the electrical
signals on the cardiac envelope of the heart based on the
electrical data and three-dimensional geometry data for the
heart of the patient obtained from an imaging modality.

16. A non-transitory computer readable medium that, when
executed, is configured to implement a method comprising:

obtaining electrical data for a predetermined zone of a

body surface of a patient, the electrical data obtained for
the predetermined zone providing a surrogate that deter-
ministically maps to a predetermined region of interest
of'an organ of the patient;

automatically analyzing the electrical data, corresponding

to body surface electrical signals obtained for the pre-
determined zone, to compute an indication of at least one
function of the predetermined region of interest of the
organ of the patient; and

storing the indication of the at least one function of the

predetermined region of interest of organ of the patient
in memory; and

generating an output to display the stored indication of the

at least one function on an image of the organ.
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17. The medium of claim 16, wherein the predetermined
region of interest corresponds to a predetermined region of
interest of a heart of the patient,

the automatically analyzing further comprising computing

an indication of synchrony for the predetermined region
of interest of the heart directly from the electrical data
obtained for the predetermined zone,

the directly computed indication ofthe at least one function

being displayed on an image of the heart in area of the
heart corresponding to the predetermined region of
interest.

18. The medium of claim 16, further comprising correlat-
ing the electrical data to a corresponding region of interest of
a generic model for the organ of the patient.

19. The medium of claim 16,

wherein the electrical data includes electrical data obtained

for the predetermined zone of the body surface while
applying cardiac resynchronization therapy (CRT) to a
heart of the patient,

wherein automatically analyzing the electrical data com-

prises automatically analyzing the electrical data asso-
ciated with a respective value of at least one CRT param-
eter associated with electrical stimulation of the heart at
each of a plurality of iterations of the applied CRT to
compute an indication of synchrony associated with the
heart of the patient, and

wherein adjusting the at least one CRT parameter com-

prises adjusting the electrical stimulation being deliv-
ered to the heart for at least some of the plurality of
iterations of the CRT based on the computed indication
of synchrony.

20. The medium of claim 16,

wherein obtaining the electrical data comprises obtaining

the electrical data for the predetermined zone of the
body surface at each of a plurality of iterations of a
therapy, and

wherein automatically analyzing the electrical data com-

prises automatically analyzing the electrical data at each
of the plurality of iterations of the therapy,

the method further comprising adjusting at least one

parameter associated with the therapy being delivered to
the patient at each of the plurality of iterations in
response to analyzing the electrical data from the prede-
termined region of interest of the organ.

21. The medium of claim 16, wherein obtaining the elec-
trical data comprises obtaining the electrical data from the
body surface of the patient at each of a plurality of iterations
of'an applied therapy via a plurality of adjacent sensors asso-
ciated with the predetermined zone corresponding to a sub-
stantially contiguous region of interest of the organ of the
patient.

22. A non-transitory computer readable medium that, when
executed, is configured to implement a method comprising:

obtaining electrical data for a predetermined zone of a

body surface of a patient, the electrical data obtained for
the predetermined zone deterministically mapping to a
predetermined region of interest of an organ of the
patient;

correlating the electrical data to a corresponding region of

interest of a generic model for the organ of the patient;
obtaining image data associated that includes the organ of
the patient;

calculating dimensions associated with the organ of the

patient;

modifying dimensions of the generic model for the organ

of the patient based on the calculated dimensions;
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automatically analyzing the electrical data to compute an
indication of at least one function of the predetermined
region of interest of the organ of the patient;

storing the indication of the at least one function of the

predetermined region of interest of organ of the patient
in memory; and

generating an output to display the stored indication of the

at least one function on an image of the organ.
23. The medium of claim 22, wherein calculating the
dimensions comprises calculating dimensions associated
with extrema of the organ of the patient in at least two
orthogonal axes.
24. A non-transitory computer readable medium that, when
executed, is configured to implement a method comprising:
obtaining electrical data for a predetermined zone of a
body surface of a patient, the electrical data obtained for
the predetermined zone deterministically mapping to a
predetermined region of interest of an organ of the
patient;
automatically analyzing the electrical data to compute an
indication of at least one function of the predetermined
region of interest of the organ of the patient; and

storing the indication of the at least one function of the
predetermined region of interest of organ of the patient
in memory; and

generating an output to display the stored indication of the

at least one function of the predetermined region of
interest of the organ on a corresponding region of inter-
est on a visual representation of the organ.
25. A non-transitory computer readable medium that, when
executed, is configured to implement a method comprising:
obtaining electrical data for a predetermined zone of a
body surface of a patient, the electrical data obtained for
the predetermined zone deterministically mapping to a
predetermined region of interest of a heart of the patient;

reconstructing electrical signals on a cardiac envelope of
the heart based on the electrical data and a predeter-
mined inverse solution programmed to map electrical
activity from the predetermined zone of the body surface
to the predetermined region of interest of the heart of the
patient;

automatically analyzing the reconstructed electrical sig-

nals to compute an indication of at least one function of
the predetermined region of interest of the heart of the
patient; and

storing the indication of the at least one function of the

predetermined region of interest ofheart of the patient in
memory; and

generating an output to display the stored indication of the

at least one function on an image of the heart.

26. A non-transitory computer readable medium that, when
executed, is configured to implement a method, the method
comprising:

obtaining image data that includes at least one internal

anatomical structure of a patient;

calculating dimensions associated with the at least one

internal anatomical structure the patient based on the
image data;

modifying dimensions of a generic model one of the atleast

one internal anatomical structure to provide a modified
model based on the calculated dimensions;

delivering a therapy having at least one parameter to treat

the at least one internal anatomical structure of the
patient, the at least one parameter being variable during
each of a plurality of iterations of the therapy;
obtaining electrical data from the patient based on electri-
cal activity detected via a plurality of sensors, the elec-
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trical data including electrical activity detected in
response to the therapy delivered at each of the plurality
of iterations of the therapy;

correlating the electrical data to a corresponding region of

interest of the modified model;

automatically analyzing the correlated electrical data

obtained for a respective value of the at least one param-
eter of the therapy at each of the plurality of iterations of
the therapy to compute an indication of at least one
function of the at least one internal anatomical structure
of the patient at each of the plurality of iterations of the
therapy;

storing the indication of the at least one function of the at

least one internal anatomical structure of the patient in
memory; and

adjusting the at least one parameter of the therapy being

delivered to the patient for a given one of the plurality of
iterations in response to the computed indication of at
least one function from another one of the plurality of
iterations.

27. The medium of claim 26, wherein calculating the
dimensions comprises calculating dimensions associated
with extrema of the at least one internal anatomical structure
of the patient in at least two orthogonal axes.

28. The medium of claim 27, wherein modifying the
generic model comprises modifying dimensions associated
with the generic model in each of the at least two orthogonal
axes based on the calculated dimensions in the at least two
orthogonal axes.

29. The medium of claim 26, wherein calculating the
dimensions comprises:

obtaining a plurality of fiducial points associated with

extrema of the at least one internal anatomical structure
of the patient; and

calculating dimensions of the at least one internal anatomi-

cal structure according to a distance between opposed
pairs of the plurality of fiducial points.

30. The medium of claim 26, wherein obtaining the image
data comprises at least one of obtaining an X-ray image ofthe
at least one internal anatomical structure of the patient,
obtaining a venogram image of the at least one internal ana-
tomical structure of the patient, obtaining a fluoroscopy
image of the at least one internal anatomical structure of the
patient, and obtaining an ultrasound image of the at least one
internal anatomical structure of the patient.

31. The medium of claim 26,

wherein applying the therapy comprises applying cardiac

resynchronization therapy (CRT) to the at least one
internal anatomical structure corresponding to a heart of
the patient,

wherein automatically analyzing the electrical data com-

prises automatically analyzing the electrical data asso-
ciated with a respective value of at least one CRT param-
eter associated with electrical stimulation of the heart of
the patient at each of the plurality of iterations to com-
pute an indication of synchrony associated with the heart
of the patient, and

wherein adjusting the at least one CRT parameter com-

prises adjusting at least one parameter of the electrical
stimulation being delivered to the heart of the patient at
each of the plurality of iterations based on the analysis of
the electrical data associated with the synchrony of the
heart of the patient.

32. The medium of claim 26,

wherein the at least one internal anatomical structure cor-

responds to a heart of the patient; and
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wherein correlating the electrical data to a corresponding
region of interest of the modified model further com-
prises reconstructing electrical signals on a cardiac
envelope of the heart based on the electrical data and
geometry data associated with the modified model. 5
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